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The supersymmetric extension of “Starobinsky” R + αR2 models of inﬂation is particularly simple in the 
“new minimal” formalism of supergravity, where the inﬂaton has no scalar superpartners. This paper is 
devoted to matter couplings in such supergravity models. We show how in the new minimal formalism 
matter coupling presents certain features absent in other formalisms. In particular, for the large class of 
matter couplings considered in this paper, matter must possess an R-symmetry, which is gauged by the 
vector ﬁeld which becomes dynamical in the “new minimal” completion of the R + αR2 theory. Thus, 
in the dual formulation of the theory, where the gauge vector is part of a massive vector multiplet, 
the inﬂaton is the superpartner of the massive vector of a nonlinearly realized R-symmetry. The F-term 
potential of this theory is of no-scale type, while the inﬂaton potential is given by the D-term of the 
gauged R-symmetry. The absolute minimum of the potential is always exactly supersymmetric, so in 
this class of models if realistic vacua exist, they must be always metastable. We also brieﬂy comment on 
possible generalizations of the examples discussed here and we exhibit some features of higher-curvature 
supergravity coupled to matter in the “old minimal” formalism.
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/3.0/). Funded by SCOAP3.1. Introduction
In this paper we analyze the coupling to matter of a new form 
of supergravity inﬂationary theory proposed in [1] in a special yet 
interesting case. In the absence of matter, such special case is the 
supergravity embedding of the bosonic R + αR2 [4–6] gravity dis-
cussed in [7].
In the presence of matter, two situations must be distinguished, 
depending on whether a superpotential exists. These situations 
are discussed in Sections 2 and 3. The main point is that in the 
“new minimal” auxiliary ﬁeld formulation, the supergravity auxil-
iary vector Aμ is a gauge ﬁeld, whose gauge symmetry requires 
matter to be coupled in a speciﬁc way. For zero superpotential, 
any Kähler potential is allowed, since matter ﬁelds have zero con-
formal weight. However, in the presence of a superpotential, the 
“new minimal” formalism requires the presence of a gauged R-
symmetry, that is a symmetry under which the superpotential has 
weight 3.
In the presence of the R2 term, the auxiliary ﬁeld Aμ becomes 
dynamical and massive, and the original U (1)SC of the supercon-
formal symmetry is spontaneously broken. Indeed, the new min-
* Corresponding author.http://dx.doi.org/10.1016/j.physletb.2014.08.050
0370-2693/© 2014 The Authors. Published by Elsevier B.V. This is an open access article
SCOAP3.imal R + αR2 theory is equivalent after a superﬁeld duality to a 
standard “old minimal” supergravity with a massive vector mul-
tiplet. Note that such massive vector multiplet, whose action is 
described by a real function J (C) [2], has its own Fayet–Iliopoulos 
(FI) term – a term linear in C in J (C) – which is responsible 
for the almost de Sitter plateau during inﬂation. Adding to such 
system R-symmetric matter results in a particular standard su-
pergravity where the vector multiplets containing Aμ gauges the 
R-symmetry. The resulting scalar Lagrangian is described in Sec-
tion 4. Matter coupling is described by a real function of the scalar 
ﬁelds z, Φ(z, ¯z), while the canonically normalized inﬂaton is iden-
tiﬁed with the following combination of ﬁelds deﬁned in the next 
sections: exp(
√
2/3φ) = T + T¯ −Φ(z, ¯z)/3. Remarkably, the poten-
tial has a no-scale structure [3].
In Section 5, the scalar ﬁeld dynamics for a rather generic the-
ory dual to R + αR2 coupled to matter is described. We observe 
that the matter potential is almost identical to that of a globally 
supersymmetric theory, as is to be expected because of the no-
scale structure. This fact suggest that a realistic supersymmetry 
breaking vacuum, if it exists, can at most be metastable, as in the 
scenario explored in the context of global supersymmetry in [8].
Possible extensions of our construction are discussed in Sec-
tion 6. One natural generalization is to change the self-interactions  under the CC BY license (http://creativecommons.org/licenses/by/3.0/). Funded by 
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longer an SU(1, 1)/U (1) coset with ﬁxed curvature, as in the case 
of the R +αR2 theory. Another possibility is to add Rn corrections 
similarly to what was done in Ref. [9]. In this case, the supersym-
metric completion of these new terms will depend on the scalar 
combination deﬁned in this paper: T + T¯ − Φ(z, ¯z)/3. Section 6
also comments on higher scalar curvature supergravity coupled to 
matter in the “old minimal” formalism.
2. Coupling to matter in the absence of a superpotential
The key feature of Ref. [7] is the use of the “new minimal” 
formulation of supergravity. This formulation uses a linear mul-
tiplet, L, of conformal weight c = 2 and chiral weight w = 0, as 
conformal compensator.
Our ﬁrst observation is that, in the absence of superpotential, 
a quite general form of the Lagrangian of the R + αR2 theory cou-
pled to matter is
L= −[LV R + LΦ(z, z¯)/3]D + 12g2
[
Wα(V R)W
α(V R)
]
F + c.c.,
V R ≡ log(L/S S¯). (1)
The term −LV R gives rise to the standard Einstein action while 
the R2 term comes from the kinetic term of the real superﬁeld 
V R ; the parameters α and g are related by α = 1/2g2. The chi-
ral superﬁeld S is the compensator of “old minimal” supergravity. 
The function Φ of the c = w = 0 chiral superﬁelds z, ¯z is a real su-
perﬁeld of zero chiral and conformal weights, but it is otherwise 
arbitrary. The only constraint comes from the fact that Φ is the 
Kähler potential of the z scalars.1 Notice that Lagrangian (1) is in-
dependent of S , thanks to the gauge invariance of the F-term and 
the property [L(Ω + Ω¯)]D = 0, which holds for any liner multi-
plet L and chiral multiplet Ω .
A convenient way to transform Eq. (1) into a standard super-
gravity form is to use a real-multiplet Lagrange multiplier B [1]
(see also Ref. [10]) in order to rewrite Lagrangian (1) in terms 
of an unconstrained vector multiplet U and the redundant chiral 
compensator S as
L= −[S S¯eU (U + Φ(z, z¯)/3)]D + [B(S S¯eU − L)]D
+ 1
2g2
[
Wα(U )W
α(U )
]
F + c.c., (2)
Lagrangian (2) reduces to (1) upon using the B equation of motion. 
Using the L equation of motion one ﬁnds instead B = T + T¯ , with 
T chiral. A redeﬁnition of the compensator S , namely S ≡ S0e−T
casts Eq. (2) into the standard old minimal form
L= −[S0 S¯0eU−T−T¯ (U − T − T¯ + Φ(z, z¯)/3)]D
+ 1
2g2
[
Wα(U )W
α(U )
]
F + c.c. (3)
Notice that T appears as the Stückelberg supermultiplet of the 
nonlinearly realized symmetry gauged by U :
T → T + Ω, Ω = chiral superﬁeld. (4)
The matter ﬁelds have zero charge under this symmetry; their 
Kähler potential is
K = −3 log[T + T¯ − Φ(z, z¯)/3]+ 3T + 3T¯ . (5)
1 This is different from the old minimal case, where the function of chiral super-
ﬁelds that multiplies the compensators in the D-term is the exponential exp(−K/3), 
with K the Kähler potential.Naturally, the term 3T + 3T¯ can be canceled by a Kähler transfor-
mation in the absence of a superpotential, but the same transfor-
mation adds a constant to the D-term of the U gauge ﬁeld.
3. Adding a superpotential
Since the ﬁelds z, ¯z have zero chiral and conformal weight, the 
superpotential appears in Eq. (1) as the F-term [W (z)S3]F +c.c. An 
explicit dependence on the chiral compensator S is forbidden in 
the new minimal scheme, where the only compensator is the lin-
ear multiplet L. A solution to this problem – not the most general, 
but general enough for the purpose of this paper – is to consider 
superpotentials of weight 3 under and Abelian symmetry, which 
leaves the kinetic function Φ invariant. So from now on we will 
select functions W (zI ), Φ(zI , ¯zI ) such that there exist charges qi
with the property
W
(
eiqI θ zI
)= e3iθW (zI), Φ(eiqI θ zI , e−iqI θ z¯ I)= Φ(zI , z¯ I),
for θ ∈R. (6)
This R-symmetry can be promoted to a gauge symmetry of the 
supergravity Lagrangian by introducing a vector superﬁeld V and 
deﬁning the gauged R-symmetry by
V → V + Ω + Ω¯, zI → eqIΩ zI , S → e−Ω S,
Ω = chiral superﬁeld. (7)
The problem is how to ﬁt this symmetry into our R + αR2 theory. 
The correct way turns out to be that V has to be identiﬁed with 
V R , the “composite” real ﬁeld that contains the scalar curvature R . 
The invariant Lagrangian can now be written as follows
L= −[S S¯eU (U + Φ(e−qI U zI , z¯I)/3)]D + [B(S S¯eU − L)]D
+ 1
2g2
[
Wα(U )W
α(U )
]
F +
[
S3W (z)
]
F + c.c. (8)
By solving the B equations of motion we ﬁnd as before that S S¯eU
is a linear multiplet.
Lagrangian (8) does not depend on S , in spite of the presence of 
a superpotential, because this ﬁeld can be changed to Se−A , with 
A any chiral superﬁeld, by using the redeﬁnition U → U − A − A¯, 
zI → e−qI A zI , B → B − A − A¯.
As in Section 2, by solving the L equations of motion and set-
ting S = S0e−T we arrive at the standard old minimal supergravity 
Lagrangian
L= −[S0 S¯0eU−T−T¯ (U − T − T¯ + Φ(e−qI U zI , z¯ I)/3)]D
+ 1
2g2
[
Wα(U )W
α(U )
]
F +
[
S30e
−3T W
(
zI
)]
F + c.c. (9)
The superpotential of the theory, e−3T W (zI ) has overall weight 
zero under the symmetry gauged by U . The possibility of redeﬁn-
ing R-symmetry into a standard “matter” symmetry thanks to a 
Stückelberg ﬁeld, when R-symmetry is broken everywhere in ﬁeld 
space, was noticed in [11]. Moreover, since the symmetry is always 
broken, any potential anomaly can be canceled by a 4D Green–
Schwarz mechanism [12].
4. Scalar ﬁeld Lagrangian
The potential and kinetic terms of the scalars are easily derived 
from Eq. (9) using general formulas given in [13] and [14]. The 
latter reference is relevant because it includes the coupling of a 
gauged R-symmetry, that is a symmetry under which the super-
potential has a nonzero weight. To compute the scalar action we 
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the superpotential e−3T W as
G = K + log(e−3T W )+ log(e−3T¯ W¯ )
= −3 log[T + T¯ − Φ(z, z¯)/3]+ logW + log W¯ . (10)
Supergravity practitioners will immediately recognize a no-scale 
structure [3] in this equation, but we nevertheless point out some 
steps in deriving the scalar potential for all other readers.2
We use the formulas for F-term potential and D-terms given 
in [13,14]. The scalar potential is generically a sum of two terms: 
V = V F + VD . The second contribution is absent when no gauge 
ﬁelds couple to matter. The ﬁrst is V F = eG(GAGABGB − 3), where 
GA ≡ ∂G/∂ yA , etc., and yA = (T , zI ). GAB is the inverse of GAB . 
The following quantities – together with their complex conjugate 
– are useful for deriving V F :
GT = −3/X, GI = ΦI/X + WI/W ,
GT T¯ = 3/X2, GI T¯ = −ΦI/X2,
GI J¯ = ΦI J¯/X + ΦIΦ J¯/3X2. (11)
Here we deﬁned X = T + T¯ − Φ/3. It is also useful to exploit 
the deﬁnition of GAB , which gives the following relations, together 
with their complex conjugates
3GT T¯ − ΦI G I T¯ = X2, 3GT I¯ − Φ J G J I¯ = 0,
−ΦI G T¯ J + (GI L¯ X + ΦIΦL¯/3)GL¯ J = X2δ JI . (12)
Finally, using the deﬁnition Φ I L¯ΦL J¯ = δ IJ we have
GI J¯ = XΦ I J¯ . (13)
By exploiting Eqs. (10)–(13) and after a short calculation, the 
F-term contribution to the potential is found to be
V F = 1
X2
WIΦ
I J¯ W¯ J¯ . (14)
As expected because of the no-scale structure, this potential is 
identical with the one of rigid supersymmetry up to the rescaling 
by the factor 1/X2. The D-term potential comes from the gauge 
superﬁelds U 3 and reads
DU /g
2 = 2GT +
∑
I
qI z
I G I + qI z¯I G I¯
= −6/X +
∑
I
qI z
IΦI/X + qI z¯IΦ I¯/X + 6, (15)
where in the last equation we used the property that the matter 
superpotential is a homogeneous function of degree 3:∑
I qI z
IW I = 3W [14].
The D-term contribution to the scalar potential is positive def-
inite by construction. The term D2U /2g
2 is O (g2) and is the 
“Starobinsky” inﬂaton potential discussed in [1,10].
Before commenting on the slow roll and post-inﬂation dynam-
ics of the scalars, let us write the scalar kinetic term Kμν gμν . 
2 A no scale structure exists also in the Kähler potential of the “old minimal” for-
mulation of R + αR2 supergravity [15], but not in its superpotential, see Eq. (21). 
This is due to the Jordan frame origin of the inﬂaton in all supersymmetric comple-
tions of R + αR2 gravity.
3 Of course many more D-terms exist in a realistic system, one for each generator 
of the gauge group of matter; these do not change the properties of the potential 
during slow roll but may be relevant after the end of inﬂation. It is anyway straight-
forward to add them to our potential.Calling as before Aμ the gauge vector in the supermultiplet U and 
using standard supergravity manipulations [13] together with def-
initions (10), (11), one ﬁnds
Kμν =
ΦI J¯
X
Dμz
I Dν z
J¯ + 3
4X2
∂μX∂ν X
+ 3
X2
[
∂μ Im T + Aμ −
(
Im Dμz
IΦI/3
)]
× [∂ν Im T + Aν − Im(Dν zIΦI/3)], (16)
with DμzI ≡ ∂μzI + iqI AμzI . The kinetic term shows that the 
canonically normalized inﬂaton ﬁeld φ, with kinetic term
gμν∂μφ∂νφ/2, is φ = √3/2 log X and that as expected ΦI J¯ must 
be positive deﬁnite.
5. Scalar ﬁeld dynamics
A noticeable feature of V F in Eq. (14) is that up to the overall 
rescaling 1/X2, it is identical to the potential of a rigid super-
symmetric theory without inﬂaton. This factor can be signiﬁcant; 
in fact, the standard slow-roll relation between e-foldings and 
potentials (see e.g. [16]), N = ∫ φ fφi dφV /(dV /dφ) (in units where 
8πG = 1), implies in our case X ≈ 4N/3 (≈ 80 for N = 60). So, 
the F-term potential of matter is multiplied by a factor that dur-
ing slow roll can be O (10−4). This means that during slow roll 
the mass of all scalars is reduced by a factor ∼ 3/4N , compared 
with their post-inﬂation value. So, many scalars can become so 
light during slow roll that they may change the slow roll dynam-
ics. This is a model-dependent problem worth further study but 
beyond the scope of this letter.
Here we will more modestly assume that the F-term potential 
is steep enough to rapidly settle all “matter” ﬁelds zI to the mini-
mum of the potential (14): WI ∼ 0. One such point, which always 
exists when the theory is regular for small zI and the superpoten-
tial W contains no linear terms in zI , is zI = 0 for all I: this is 
the R-symmetric vacuum. Notice that in this vacuum the D-term 
contribution makes the potential become simply
V = 2g2(3/X − 3)2 = 18g2[exp(−√2/3φ) − 1]2; (17)
this is the “Starobinsky” potential studied in [1] (and many other 
places besides).
When inﬂation ends at X = O (1), if we assume that the mat-
ter scalars are characterized by scales much below H ∼ gMPl , then 
their dynamics is the standard post-inﬂationary one, where the in-
ﬂaton is frozen at the X = 1 minimum. If R-symmetry breaking 
minima occur at VEVs |〈zI 〉|  H , then the possibility exists for 
matter to undergo a phase transition to a more realistic vacuum 
where both R-symmetry and supersymmetry are broken without 
exciting the inﬂaton away from its X = 1 minimum. Notice though 
that the supersymmetric vacuum will always be an absolute minimum 
of the potential. So, to be phenomenologically viable, the class of 
models proposed here must realize supersymmetry breaking à la
ISS [8].
6. Generalizations and comments
In Ref. [1], the Starobinsky potential was just one among a 
large class of slow roll potentials that can be obtained by cou-
pling a massive vector superﬁeld U to supergravity. In the absence 
of matter and superpotential, the U ﬁeld coupling is deﬁned by a 
function J (U ) [2,17], related to the Kähler function of the Stück-
elberg ﬁeld T by J (U − T − T¯ ) = −K (T + T¯ − U )/2. In this pa-
per, we studied the coupling to matter of the model deﬁned by 
J = (3/2)[log(−U ) + U ]. A straightforward generalization of our 
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function I(U ) of the vector ﬁeld:
K = −3 log[I(U − T − T¯ ) − Φ(z, z¯)/3]+ 3T + 3T¯ − 3U . (18)
The case studied in this paper is I(U ) = −U . This is the case when 
the Kähler manifold of the complex scalar T deﬁnes, for constant 
values of the matter ﬁelds zI , the coset space SU(1, 1)/U (1), with 
ﬁxed radius of curvature [1]. This and other nice features exhibited 
by our new minimal supergravity model arise because the interac-
tions of the massive vector supermultiplet with matter are quite 
restricted. More general new minimal interactions, such as those 
considered in Ref. [14], or those arising from the supersymmetric 
completion of the Rn terms considered in [9], are worth studying 
and deserve a fuller investigation, that we hope to continue in fu-
ture works.
We conclude with some brief comments on the coupling of 
higher scalar curvature supergravity to matter in the old minimal 
formalism. Such coupling assumes a particularly simple form when 
the Lagrangian of the theory can be written as
L= −[(1− h(R/S, R¯/ S¯)/3− Φ(z, z¯)/3)S S¯]D
+ [W (z)S3]F + c.c., (19)
where R is the chiral superﬁeld containing the scalar curvature 
in its θ2 component: R = · · · + θ2R + · · · . The “sequestered” form 
of matter interactions, whose Jordan function and superpotential 
simply add to the higher-curvature sector, are assumed here for 
simplicity, but they are perhaps justiﬁable in a higher-dimensional 
setting as in [18]. Thanks to the identity [TRS2]F + c.c. = [(T +
T¯ )S S¯]D , and following the steps in [15], Lagrangian (19) can be 
shown to be dual to a standard supergravity theory with two ad-
ditional chiral multiplets: T and A [19]. The dual Lagrangian is
L= −[(T + T¯ − h(A, A¯)/3− Φ(z, z¯)/3)S S¯]D
+ [(W (z) − (T − 1/2)A)S3]F + c.c. (20)
Stability of the A, A¯ scalars during inﬂation can be achieved by 
modifying the pure R + αR2 theory, deﬁned by the function 
h(A A¯) = αA A¯, by adding to it higher scalar curvature terms such 
as ζ A2 A¯2 with ζ > 0.5 [20].
By standard manipulations and deﬁning (A, zI ) → za , h +
Φ = Ψ we ﬁnd that the scalar potential has an almost no-scale 
structure (cf. [21]):
V = 1
X2
[
WaW¯b¯Ψ
ab¯ + WT Y¯ T¯ + W¯ T¯ YT
]
, (21)
Y¯ T¯ = −W¯ +
1
3
W¯a¯Ψ
a¯bΨb + 12 W¯ T¯
(
X
3
+ 1
9
ΨaΨb¯Ψ
ab¯
)
, (22)
X = T + T¯ − Ψ/3, Ψ ac¯Ψc¯b = δab . (23)
If WT = 0 before and after inﬂation, the potential simpliﬁes to
V = 1
X2
(
1
hA A¯
W AW¯ A¯ + WIW J¯Φ I J¯
)
. (24)
The Starobinsky potential is the Re T part of the |WA |2 term; the 
same potential gives a mass to Im T . The potential (24) looks iden-
tical to the new minimal potential, in which the D-term of the 
massive vector multiplet is replaced by the F-term of the A ﬁeld. 
Setting WT = A = 0 is the same result [22] that one would obtain 
by replacing the “sgoldstino” superﬁeld [20,23] with a Volkov–
Akulov fermion that realizes supersymmetry nonlinearly [22,24]. 
This condition can be realized in many ways, e.g. at the point 
zI = 0, if the matter superpotential W (zI ) is at least quadratic in 
the zI ﬁelds.Acknowledgements
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